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CN \ Abstract 

We show in this paper the flux of Hawking radiation in a Plebanski-Demianski black hole from gauge and 
gravitational anomalies point of view. We also show this calculations are general and the results from earlier 
known articles can be obtained from this one. 
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1 Introduction 



The black hole radiation also called Hawking radiation, was originally reported by Zeldovich and Starobinsky in 
1971 [1] and it is one of the more interesting known effect. This effect is a consequence of the combination of two 
modern theories: quantum mechanics and general relativity; because arise from quantum fileds in a background 
\Q ■ space-time with an event horizont, such like a black hole. It is founded that the occupation number spectrum 
I of quantum filled modes in the vacuum state corresponds with the blackbody at fixed temperature given by the 
■ surface gravity of the horizon. 
t-H \ There are several explanation of Hawking radiation. The derivation by Hawking [2, 3] is direct and physical, he 
calculates the Bogoliubov coefficients between the in and out states of fields in the black hole background. The 
derivation based in quantum gravity [4] is fast and elegant, but need microscopic foundation. The derivation 
!> based in string theory [5, 6] has logical consistence foundation but can be applied only to special solutions and 
do not explain the simplicity and generality of the results inferred from other methods. 

Robinson and Wilczek [7] have recently showed a procedure for Hawking radiation via gravitational anomalies 
cancelation in a Schwarzschild black hole metric. This original idea soon was extended to Reissner-Nordstrom 
metric [8] to rotating black holes [9, 10, 11, 12] and even to metrics with NUT parameter [13]. Opening at this 
form the important question: How is Hawking radiation for the most general black hole? 

In the present article, we answer that question for the most general D-type metric (Plebanski-Demianski metric) 
and show the form of fluxes and the Hawking temperature. The article is organized at this form. In the second 
section we introduce the Plebanski-Demianski metric and we get the effective action, corresponding to (1 + 1) 
dimensional metric in a dilaton background and a gauge field. In sections 3 and 4, we make the calculation of 
the gauge and gravitational anomalies that arise the Hwking radiation at the event horizon and cosmological 
horizon, respectively. We show two cases in section 5 like limit cases: the Kerr-Newman-de Sitter black hole 
metric and NUT-Kerr-Newman-de Sitter and we compare with the results obtained in the literature [11, 13]. 
Finally, the conclusions are showed in section 6. 
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2 The Effective action of Plebahski-Demiahski black hole 



As it is known, the most general D-type metric is the Plebahski-Demiahski metric [14] 
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and m, n, e, e, fc, A are arbitrary real parameters. Recently has been showed that it is possible to put this 
metric in the form [15] 
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where A^ and are the electric and magnetic potentials and 
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Now M, Q, G, a, I, a, A represent the mass, electric and magnetic charge, angular momentum, NUT param- 
eter, acceleration and cosmological constant, respectively. It is possible to put the metric (5) in the form 
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where 

6 = a sin 2 (9 + 41 sin 2 9/2 R = r 2 + (a + l) 2 . (19) 

The outer horizon (r = rn) is determined by Q(r^f) = 0. The term l/f2 2 is a conformal factor, so, this term 
does not contribute to the Hawking radiation, and we can omit it in our future calculations. We will consider 
matter fields in the Plebariski-Dcmianski black hole background. As we have both electric and magnetic charge, 
we can take in consideration that the covariant derivative is [16, 17] 
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where e and g are the electric and magnetic charges, respectively. The action is 
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Performing the partial wave decomposition of the scalar field $ in term of the spherical harmonics $ — 
fiimir, t)Yi m (9, ip) this action can be reduced to a two dimensional effective theory. To do this it is necessary 

transform to the r* tortoise coordinate defined by 



dr Q J(r) ' 

and considering the region near the horizon, the action (22) can be simplified to 
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that is, each partial wave of the scalar field can be considered as a (1 + l)-dimensional complex scalar field in 
the backgrounds of the dilaton metric g^ v and gauge fields A^ given by 
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where m, e, g are the charges of the gage fields A n , A t2 , A t3 ; respectively. 

In this (1 + l)-dimensional reduction, the effective field theory is based on the observable physics and defined 
outside the horizon of the black hole. This mean that the ingoing modes are omitted at the horizon doing chiral 
the theory there. With this, each partial wave become anomalous with respect to gauge and general coordinate 
symmetries. So, to have gauge invariance and diffeomorphism covariance it is necessary the fluxes of the U(l) 
gauge current and the energy-momentum tensor cancel the gauge and gravitational anomaly at the horizon, 
respectively. We will show this procedure in the next section. 



3 Anomalies and Hawking radiation 

An anomaly in QFT is a conflict between a symmetry from classical action and the quantization. There exist 
anomalies in global symmetries and gauge symmetries. The gauge current must satisfy the conservation equation 
V jU J' 1 = 0. However, near the horizon, the U(l) gauge current satisfies an anomalous equation 
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where a is the gauge charge of the U(l) gauge field A v . So, in the region r > rn + e, as there is no anomaly, 
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current of the outgoing modes at the horizon. To get the values of c and ch, we can use the consistent current 
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Since we have omitted the ingoing modes near the horizon, this current is only a part of the total current. 
Under gauge transformation, the variation of the effective action is 
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the classically irrelevant ingoing modes. The coefficient of the delta function would be canceled also, and we get 
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To ensure the regularity requirement at the horizon, the covariant current must also vanish there. Since the 
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flux of the U(l ) gauge current as 
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We have three gauge charges for a Plcbahski-Demiahski black hole; thus, the U(l) gauge charge flux, the 
electric current flux and the magnetic current flux arc determined by 
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The anomalies in global symmetries are theoretical inconsistences for this reason their cancellation give 
important restrictions [18, 19]. A gravitational anomaly is a gauge anomaly in general covariance, making 
non-conservative the energy-momentum tensor. This anomaly can only happen in theories with chiral matter 
acopled to gravity in a space-time 4fc + 2-dimensional, being k an integer. This chiral matter can be a fermion 
and also can be a 2fc-form with an (anti-) autodual field. An important situation is the (1 + l)-dimensional 
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that is, the energy-momentum tensor is not conserved in a curved Space-Time. As discussed previously, the 
effective field theory is defined outside the event horizon. In the region r > r# + e there is an effective background 
gauge potential, but without anomaly, so the energy- momentum tensor satisfies the modified conservation equa- 
tion d r TL out s — c d r A t . Near the horizon rjj < r < rn + e the energy-momentum tensor exhibits an anomaly 
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where the relation JJrn = c Q H A has been used. The first term of the effective action is the classical effect 
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of the background electric field. The second term is cancelled by the quantum effect of the classically irrelevant 
ingoing modes. The third one would be cancelled if we demand the covariance of effective action under the 
difieomorphism transformation, this let us 
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are the values of the energy flow at infinity and at the horizon, respectively. To ensure the regularity requirement 
at the horizon, the covariant energy-momentum tensor must also vanish there. Since the energy-momentum 
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is the surface gravity of the black hole. Then, the flux of the energy-momentum tensor required to restore 
general coordinate covariance at quantum level in the effective field theory is 
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where Th = — is Hawking temperature of the black hole. The Hawking radiant spectrum of the Plcbariski- 
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Dcmiahski black hole is given by the Planck distribution 
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From the distribution, the angular momentum flux (that is, the U(l) gauge current flux), the electric current 
flux and the magnetic current flux can be obtained as 
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Comparing equations (42-44,63) with equations (66,68,70,72), we can conclude that the fluxes of the i7(l) 
gauge current, electric current, magnetic current and the energy-momentum tensor required to cancel gauge or 
gravitational anomalies at horizon are identical to that of Hawking radiation. 

4 Hawking radiation at Cosmological horizon 

Near the Cosmological horizon (CH), we must take in consideration ingoing modes. Inside the CH (r c — e < r < 
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As the covariant current must vanish at the CH, we obtain the U{1) gauge charge flux, the electric current flux 
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and, as the covariant energy-momentum tensor must vanish at the CH, the flux of the energy-momentum tensor 
required to restore general coordinate covariance at quantum level in the effective field theory is 
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is the temperature of black hole. 



where T c = 

The Hawking radiant spectrum of the Plcbahski-Dcmiahski black hole at CH is given by the Planck distri- 
bution 
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Comparing equations (75-77,80) with equations (83,85,87,89), we can conclude that the fluxes of the U(l) 
gauge current, electric current, magnetic current and the energy-momentum tensor required to cancel gauge or 
gravitational anomalies at cosmological horizon are identical to that of Hawking radiation. 
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5 Limit cases 



Black holes without NUT parameter 

An interesting case is obtained if there is not NUT parameter (1 = 0), the PD metric (5) is reduced to 
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respectively; this values corresponding to the values obtained in [11]. 



Non accelerated black holes 

Another interesting case is obtained if the black hole is not accelerated (a = 0). The PD metric (5) is reduced 
to 

A. 

/ : /' .o. £ ~ ~3 

A, 



= 1 - I 2 A, 



0-3 
ft = 1 



e = l-'-(a 2 + 6Z 2 ), 



r + (Z + a cos 



A 2 
a 4 = -— a 



n = Z + -l(a 2 - 4Z 2 ), 



(98) 



P = sin 2 6» ( 1 + 4^-aZ cos 9 + ^a 2 cos 2 ) . 



-^(V 4 +rV + 6Z 2 ) + 3ZV-Z 2 )); 



Q = r 2 + a 2 + Q 2 + G 2 - I 2 - 2Mr 

and we obtain the NUT-Kerr-Newman-de Sitter with magnetic monopole black hole metric. If we have no 
magnetic monopole, we get 



Q = r 2 +a 2 + Q 2 + -I 2 



2Mr - | (r 4 + r 2 (a 2 + 6Z 2 ) + 3Z 2 (a 2 - Z 2 )) , 



(99) 



and the metric become the NUT-Kcrr-Newman-de Sitter one 

A 



r 2 +a 2 +Q 2 -l 2 -2Mr--(r* + r 2 (a 2 + 6l 2 ) + 3l 2 (a 2 -l 2 )\ / a s i n 2 + 4Z sin 2 f 
ds 2 = ±± — | dt ; ^dip 



r 2 + (Z + a cos 6>) 2 



sin 2 ( 1 + 4— al cos + —a 2 cos 2 i 
3 3 



r 2 + (Z + a cos 0) 2 

r 2 + (Z + acos0) 2 



adt 



r 2 + {a + lf 



l + |(a 2 -Z 2 ) 



-dip 



l + ^(« 2 -n J 

r 2 + (Z + a cos 0)2 
1 + 4^aZ cos + ^-a 2 cos 2 



d0 2 



r 2 + a 2 + Q2 _ p _ 2Mr - |(r 4 + r 2 (a 2 + 6Z 2 ) + 3Z 2 (a 2 - Z 2 )) 



-dr 2 . 



(100) 



As there not exists magnetic charge, the value of g — 0, and, taking the value of Q (ec. 99), we get the gauge 
field 

ma(l + -(a 2 - l 2 )) + eQr 

A * = — hr< Z7w ; ( 101 ) 

r z + (a + l) z 



and the U{1) gauge charge flux, electric current flux, energy- momentum flux and Hawking temperature are 

A, 



m 2 a(l + -(a 2 - Z 2 )) + meQr H 
2^(V 2 f + (a + Z) 2 ) 

mea(l + ^(a 2 - Z 2 )) + e 2 Qr H 
2it(r 2 H + {a + l) 2 ) 

1 (ma{l + j(a 2 -l 2 )^+eQr H 



47T 



r 2 H + (a + Z) 2 



7T 2 

+ 12 



(102) 



(103) 



(104) 



11 



M 



(rl-{a + l?)+r H 



2l(a + l)-Q 2 -^([r 2 H + (a + I) 2 ] * + 2l(a + 1){A1 2 - a 2 ) 



2^7-^ + (a + Z) 2 ) 



, (105) 



respectively; this values are founded in [13]. It is important to observe that expresions (99-105) reduced to 
(91-97) when 1 = 0. 



6 Conclusions 

After the Robinson- Wilczek article [7] , where it was showed how to get the Hawking radiation for a Schwarzschild 
black hole via anomalies, different groups started to show the Hawking radiation for more general black holes. 
We have showed Hawking radiation for a Plebahski-Demiahski black hole in this article, that is, for the most 
general D-type metric. It is important to remark that any particular combination of parameters included in 
the PD black hole (mass, electric and magnetic charge, angular momentum, NUT parameter, acceleration and 
cosmological constant) can be obtained from our calculations and we have showed this obtaining special cases 
previously reported. 

With this generalization, we can be sure that near tho horizon of a black hole, there is quantum vacuum 
fluctuation effect and virtual particle pairs can appear. The antiparticles enter the event horizon of the black 
hole and become ingoing modes. At this form, the theory become anomalous. The anomaly can be cancelled 
originating as consequence the Hawking radiation. 
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